In the scope of this work, a new structure of the nine level inverter is proposed using a reduced number of power switches. This inverter is used as a shunt active power filter to compensate harmonic currents and the reactive power. The modeling and simulation of the proposed model were carried out in Matlab/Simulink environment. The simulation results show that the filtering performances were achieved despite the reduction of the switches number. It was found that the current waveform becomes purely sinusoidal with a reduction in the harmonic distortion rate (THD) to 2.68%. This implies good compensation of both harmonics and reactive power with a power factor closer to unity. Reducing the switches number allows reducing the switching losses and lowering the duration of the applied voltage supported by the semiconductors. The proposed topology also allows to get simple structure of the inverter with a reduced cost.
These drawbacks attracted the attention of researchers and becoming a challenge to the scientists for developing other topologies by reducing the switches number and maintaining the quality of the output voltage [16] - [17] .
Conventional nine level inverter requires sixteen switches and three DC sources separately [18] . A reduction in the number of semiconductor switches for the nine level cascaded multilevel inverter has been reported in Reference [19] using twelve switches. The number of power switches for the nine level inverter has been more reduced to ten switches. Knowing that this inverter has been used for power supply AC motors [20] .
In the scope of this work, a nine level ten-switch MLI topology is proposed. This inverter is used as a shunt active power filter to compensate harmonic currents generated by nonlinear loads and at the same time to compensate the reactive power. The proposed topology consists of four DC sources and built of three identical structures, each one is placed on a separate phases with a reduced number of power switches (30 IGBT) relative to conventional systems (48 IGBT). The active filter control used in this study is divided into two parts. The first deals with the harmonic isolator based on the instantaneous power theory (pq theory), [21] - [22] in order to extract harmonic currents. The second part is devoted to the logic signals generation to control the filter switches using the Pulse Width Modulation (PWM) technique. This type of control allows the injection of a compensation current equal to the reference one to obtain a sinusoidal form of the supply current into the network. The control of the DC bus voltage is performed by a Proportional Integral (PI) regulator used to correct the appropriate error value between the reference and the injected currents.
The simulation tests were performed in Matlab/Simulink environment. The results showed that the filtering performances have been well improved using the proposed nine level MLI topology with ten-switch. This improvement appears in the remarkable reduction of the harmonic currents and in the waveform of the supply current which becomes purely sinusoidal and in phase with the voltage. The simulation shows also that the three phase voltages have the same amplitudes.
NINE LEVEL TEN-SWITCH TOPOLOGY DESCRIPTION
The location of the new active power filter proposed in this work is illustrated in Figure 1 . It is placed in parallel to the nonlinear load and the three-phase supply source. It is placated as close as possible to the nonlinear load in order to prevent harmonics propagation in the distribution network and getting high power quality [22] . The block diagram of the nine level ten-switch inverter topology is illustrated in Figure 2 . It is mainly composed of three identical structures by phase. Each structure is composed of 10 IGBT power switches instead to 16 IGBT power switches in the conventional system [23] . The DC bus voltage (V DC ) can generate nine levels, namely: V DC , V DC /2, V DC /3, V DC /4, 0, -V DC /4, -V DC /3, -V DC /2 and -V DC . The V DC voltage is uniformly distributed over four identical capacitors (C1, C2, C3 and C4) connected in series. The four switches k1, k2, k3 and k4 are used to form the H-bridge, while the switches k5, k7 and k9 are connected in series with k6, k8 and k10, respectively.
To maintain the zero level at the inverter outlet, k1 and k3 are turned on (Figure 3-i) . Whereas, k1 and k4 are turned on to get Van=V DC on Figure 3 
IDENTIFICATION OF THE HARMONIC CURRENT
To get a high filtering quality, reference current identification method is the most efficient technique used to extract harmonic currents. There are several algorithms with different degree of complexity, such as the technique of instantaneous powers (PQ) introduced by H. AKAGI to extract reference harmonic currents [24] - [25] . The CLARK transformation is used to convert the balanced three-phase voltages (v1,v2, v3) or/and currents (i1, i2, i3) to the biphase system defined by components (vα, vβ) and (iα, iβ),respectively as presented by the following equations. Where, α and β axes coincide with the real and imaginary axes of the complex plane.Thus, the three phase voltage and current system can be expressed as follows:
So, the complex apparent power is given by:
The instantaneous active power is obtained by equation (5) and the instantaneous reactive power is calculated by equation (6) .
The instantaneous power P and q can be decomposed in two terms; the first is corresponding to its mean value ( ̅ , ̅) and the second term is corresponding to the fluctuation power ( ̃, ̃). A second order high-pass filter is used to separate the power components related to the harmonic and to the fundamental. The separation scheme is illustrated in Figure 4 . The cutoff frequency is selected depending on the load, allowing the passage of the powers harmonic components and block the passage of continuous components of active and reactive power of the fundamental. After separating the powers, we can calculate the harmonic and the reactive current simultaneously from the following matrix. 
ACTIVE FILTER CONTROL STRATEGY
After determining of reference currents by the instantaneous power technique the control of IGBT switches is carried out by the comparison between reference currents (iref1, iref2, iref3) and eight triangular carriers using the Phase Disposition Pulse Width Modulation (PDPWM) method as presented in Figure 6 
DC BUS VOLTAGE REGULATION
It is recommended that the DC bus voltage across the capacitors (C1, C2, C3, and C4) of the remains constant. The regulation of DC voltage is necessary in order to limit the fluctuations and prevent semiconductors failure. It is therefore important to find a controller which is insensitive to parameter variations and disturbances and also appropriate to parameters closed loop control. Switches commutation can generate fluctuations in the V DC voltage, capacitor losses and a delay in the control system. For these reasons, the propesed nine level active filter is used as a controlled rectifier, aiming to compensate the DC bus voltage variations by transferring a small quantity of AC active power to the other side of the DC current filter. For this purpose, the control of the DC bus voltage is performed by a Proportional Integral (PI) regulator used to correct the appropriate error value between the reference and the injected currents. 
MODELING AND SIMULATION
The nine level inverter topology proposed in this work has been modeled as illustrated in Figure 8 . The simulated model is composed of three-phase supply sources, a polluted load and a nine level parallel active power filter. The simulation is performed using Matlab/Simulink environment. The obtained Star   Iref, p1, p2, p3, p4, p5, p6, p7, p8.   [k1, k2, k 3, k4, k5, k6, k7, k8 k9, [k1, k2, k 3, k4, k5, k6, k7, k8 k9, Table 1 . Figure 8 . Modelling strategy of the proposednine level inverter.
RESULTS AND DISCUSSION
The main operating characteristics of the shunt active power filter, namely: the supply voltage, the switches pulses, output voltage, the identified harmonic and injected currents as well as the line current and its frequency spectrum were presented before and after filtering in figures 9-15.The waveforms of these parameters are presented for evaluation and comparison study. In addition, active and reactive powers before and after filtering, as well as the shift between the current and the voltage source are also presented. Figure 9 shows the source voltage, load current and load current spectrum before filtering. It is clear that the supply voltage has a pure sinusoidal waveform. However, the associated load current presents a 205 distortion in the waveform as estimated by the harmonic frequency spectrum with a high harmonic distortion rate (THD) of 27.41% which largely exceeds the recommended value (THD<5%) [27] . Figure 9 . Supply voltage, load current and load current spectrum (fundamental) before filtering. Figure 10 shows the waveform of the injected current (injected by the proposed inverter) and the harmonic current identified by the instantaneous power method (PQ). It can be seen that the response time of the proposed nine level inverter is very short (about 0.14s), which reflects the robustness of the harmonic current identification method.
Before filtering

After filtering
The line current and its frequency spectrum after filtering are illustrated in figure 11 . The injected current from the proposed active power filter makes the supply current waveform purely sinusoidal. The harmonic frequency spectrum shows the elimination of almost all the harmonics with an estimated THD of 2.68%. This presents a significant reduction in the THD value by about 90% in comparison to that before filtering (THD=27.41%). Figure 12 shows the pulses of the switches K1, K2, K3 and K4. A significant decrease is observed in the opening intervals with an increase in the switches closing intervals. As a result, reducing the switching number allows a decrease in the switching losses with a reduction in the duration of the applied voltage 
Switches pulses
Power factor
The reactive and active power before and after filtering are illustrated in figure 14 . The simulation shows a drop in the reactive power close to zero with a reduction of about 1800VAR.While, the active power increases from 2900W to about 3900W. The phase shift between the current and the voltage source is shown in figure 15 . It is clear that combining between: the identification method, the control strategy algorithm and the proposed topology (nine level MLI) allows to the source current to be in phase with the supply voltage with a power factor (cosφ) close to unity. Figure 16 illustrates the currents (i1, i2, i3) which have sinusoidal waveforms with balanced phases 1, 2 and 3. Furthermore, the waveforms of the currents have the same amplitudes with the same frequencies. Figure 16 . currents waveform after filtering.
Comparative analysis with previous studies
The comparative study between the proposed topology and some previous topologies [28] [29] [30] is presented in Table 2 . The comparison shows that a nine level inverter can be realized with ten IGBT transistors for each phase. Unlike conventional systems such as NPC and cascade type inverters [29] [30] which require sixteen IGBT transistors, the proposed nine-level topology having less crowded and less expensive structure while maintaining the system performances. 
CONCLUSION
In this work, a new structure of nine level inverter is proposed using ten power switches by phase instead to sixteen IGBT in the conventional system. This inverter is used as a shunt active power filter to compensate the harmonic currents and the reactive power. The simulation was carried out in Matlab/Simulink environment. From the results obtained in the scope of this study, the following conclusions may be drawn: 1. The current waveform become purely sinusoidal with a reduction in the harmonic distortion rate (THD) from 27.41% to 2.68%. 2. Reducing the number of switches reduces switching losses. 3. Reducing the switching number reduces the duration of the applied voltage on the semiconductors. 4. Despite the reduced number of switches, the proposed model is able to provide nine level of voltage. 5. The three currents of the network have the same amplitudes with balanced phases. 6. Good compensation of the harmonics and reactive power is obtained with a power factor closer to unity in accordance with IEEE standards. 7. Reducing the number of power switches allows to get simple structure of the inverter with a reduced cost. He has supervised many graduated and post-graduate student thesis. He has also conducted many researches projects in power electronics applications, electrical ac and dc drives as well as diagnosis and faults detection in ac machines. His research interests are mainly in the area of power electronics such as harmonics elimination by active filters, PWM and Space vector modulation control, multilevel inverters and new converter topologies.
